Summary. Follicular rupture was never observed when preovulatory rabbit follicles were isolated from the ovary before the ovulatory gonadotrophin discharge and placed in hormone-free culture for 10\p=n-\14h (n = 48). However, if the follicles were taken 1 h post coitum and cultured under the same conditions, 11/24 (45\m=.\8%)ruptured spontaneously. Follicular rupture under these conditions appeared to be chronologically and histologically comparable to that of ovulation in vivo. Culture in the presence of progesterone increased the proportion of follicles ovulating in vitro (17/23 = 73\m=.\9%; P < 0\m=.\05).Inhibition in vitro of the synthesis of steroids or prostaglandins suppressed ovulation, although meiotic maturation of the oocyte did take place. These findings indicate that the follicle constitutes an independent entity within the ovary from 1 h post coitum.
Introduction
While the morphological modifications in the ovarian follicle induced by the preovulatory discharge of gonadotrophins are now well known (Bjersing & Cajander, 1974; Parr, 1975;  Espey, 1978) , the sequence of mechanisms leading up to follicular rupture remains obscure. The initiation of the ovulation process by the gonadotrophin surge is a widely accepted phenomenon. In the rabbit the hypophysial discharge of luteinizing hormone (LH) occurs very soon after coitus, the plasma LH value being significantly increased 20 min post coitum (p.c.) (Dufy-Barbe, Franchimont & Faure, 1973; Jones, Bain & Odell, 1976) . This discharge of hypophysial hormones brings about important metabolic modifications in the ovary in that the interstitial tissue starts production of 20-dihydroprogesterone (Hilliard, Spies & Sawyer, 1969) . In-vivo administration of LH to an oestrous doe leads to an increase in follicular oestrogens (oestrone and oestradiol) at 1 h p.c., followed by a decrease by 4 h p.c. The concentration of progesterone also increases very rapidly but falls more slowly and persists at a relatively low level up to 6 h p.c. (Patwardhan & Lanthier, 1976) . Prostaglandins (PG) E and F are synthesized by the follicle in appreciable amounts shortly before ovulation (LeMaire, Yang, Behrman & Marsh, 1973) . The follicle wall is modified in the hours after the LH discharge (Bjersing & Cajander, 1974) and thinning in the apical region facilitates follicular rupture.
Because the sequence of events is difficult to study in vivo, numerous authors have explored the mechanisms of ovulation in vitro, using either the culture of the whole ovary in a culture chamber (Fritz, Chow & Biggers, 1965; Baranczuk & Fainstat, 1976) , or in-vitro perfusion of the whole ovary (Lambersten, Greenbaum, Wright & Wallach, 1976; Hamada, Bronson, Wright & Wallach, 1977; Wallach, Wright & Hamada, 1978; Janson et al., 1982) . These experimental systems have permitted study of the events at the ovarian level that control the triggering of ovulation in vitro.
The earlier studies enabled ovulation to be obtained as the culmination of a process initiated in vivo.
The rupture of about 1/3 of the follicles was achieved with human chorionic gonadotrophin (hCG) present in the medium used for the perfusion of whole ovaries obtained before the ovulatory gonadotrophin discharge (Hamada, Wright & Wallach, 1979) . However, interpretation of experiments on the role of progesterone and prostaglandins is difficult, because substances added to the culture medium and numerous factors may interfere with and modify events in the follicle itself.
The technique described by Ménézo, Gérard & Thibault (1976) allows a good preservation of bovine follicles cultured in vitro. The system has also been used for the culture of rabbit (Thébault, 1979) and human (Testart, Thébault, Frydman & Papiernik, 1982) The technique for the preparation of isolated Graafian follicles in the rabbit has already been described (Thibault & Gérard, 1973) . Follicles were isolated from interstitial tissue by dissection with small forceps. Dissection was continued to the level of the theca interna. Follicles which were haemorrhagic or of extreme size ( < 900 or > 2000 pm) were discarded. The culture system involved a continual flow of medium and gas , and consisted of three principal components: medium reservoir, culture chamber and peristaltic pump (see ). Follicles were placed in groups of 10-15 in each chamber within 15-45 min of killing the does. Media used were Medium 199 with Hepes and L-glutamine (Gibco, Paisley, U.K.) for dissection, and Medium 2 (Ménézo, 1976;  Api-system, La-Balme-Les-Grottes, France) for culture. A gas mixture of 57% O 2 + 5%C02 + 38% 2 was used for the cultures, which were continued for 10-14 h. The follicles were examined with a dissecting microscope.
Text- fig. 1 . Schematic representation of the culture system with continuously circulating medium and gas (adapted from Ménézo et al., 1976) . CM. = culture medium; gas = 02 (57%), C02 (5%) and N2 (38%); ·. isolated follicles inside the culture chamber.
Progesterone (Roussel, Paris) was added at the start of the culture period at a final concentration of 10 pg/ml, and aminoglutethimide (Ciba Geigy, Rueil-Malmaison, France) was used at 10~3 M. Indomethacin (Merck, Darmstadt, Germany) was added to the perfusion circuit at 7 h p.c. at 1 mg/ml. In 3 does indomethacin was injected intramuscularly at 5 mg/kg body weight at 15 min p.c.
Progesterone concentrations in the culture media were determined according to the method of Thibier & Saumande (1975) . The lack of cross-reactions (< 1%) with other steroids confirmed the specificity of this method. The limit of sensitivity was estimated as 0-11 ng/ml. The intra-assay coefficient of variation was 9%. Mean blank value was 006 ± 007 ng/ml and the recovery value was 80-4 + 1-2%. At the end of the culture period the follicles were fixed in Bouin-Hollande's fluid and processed routinely for histological examination in 10 pm serial sections. The appearance of the membrana granulosa indicated the condition of the follicle after culture. Resumption of meiosis by the oocytes was also evaluated, as was the state of the follicle wall in the rupture zone.
Differences between proportions of ovulating follicles were examined by 2 tests.
Results

Description offollicular rupture
After incubation for 10-14 h, freshly ruptured follicles were found in the culture chambers. The macroscopic appearance of the rupture zones was comparable to that observed in the ovary in vivo. The follicle apex was shaped like a truncated cone from which emerged the cumulus mass containing the oocyte (PI. 1, Fig. 2 Table 1 ). (Thébault, 1979 (Bjersing & Cajander, 1974) .
Some of the follicles never ovulated. About 50% of these follicles, often of large size, were seen to be atretic. This atresia had probably begun before culture of the follicles, although this cannot be stated with certainty due to the difficulty of selection using only the macroscopic appearance of the follicles. The selection of good quality follicles was favoured by the choice of season for the experiments, and also by the absence of any ovarian stimulation. Furthermore, when the follicles did ovulate, their granulosa cell masses were seen to be well preserved, and the same culture system has previously enabled the in-vivo fertilization of 50/85 (58%) oocytes matured in their follicles in vitro (Thébault, 1979) . The proportion of follicles ovulating, particularly after addition of progesterone to the medium (74%), is appreciably higher than that previously obtained after the culture of whole ovaries (Hamada et ai, 1979) , even though in this latter study only the terminal phase of ovulation was achieved in vitro.
The present results also show that the ovarian musculature is not indispensible for follicular rupture. Even if ovarian contractions do facilitate rupture (Espey, 1978) , the latter may still also occur in the absence of any such contractile activity. Doubtless there are contractions of the follicle itself, as shown by the pleated appearance of the granulosa in many of the control follicles.
In the rat, ovarian progesterone produced during the preovulatory period, or the administration of progesterone, may lead to ovulation in vivo (Kobayashi, Hara & Miyake, 1973 ; Takahashi, Ford, PLATE 1 Histological sections of cultured rabbit follicles. Fig. 1 Greep, 1974; Sridharan, Meyer & Karavolas, 1974) . However, in these in-vivo experiments it is difficult to determine whether the effect is due to a central mode of action of the progesterone, or to a local action at the level of the ovary. In the hamster, Baranczuk & Fainstat (1976) (Mori, Suzuki, Nishimura & Kambegawa, 1977 on the ovarian prostaglandins produced under the stimulus of LH, and also a delayed action by virtue of its persistence. In the latter case, inhibition is still possible if indomethacin is added to the culture at 7 hp.c, but it is a direct effect upon the follicle itself, since it is being cultured in isolation.
In conclusion, the technique of culturing isolated follicles in vitro enables follicular rupture to be obtained. The phenomenon occurring in vitro is equivalent to that in vivo: morphological and chronological aspects, as well as the actions of inducers and inhibitors, all appear to be identical. The system is therefore useful to study the respective roles of steroids, prostaglandins, and other substances, in the process of ovulation.
